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APPENDIX G AIRCRAFT NOISE ANALYSIS AND
AIRSPACE OPERATIONS

Noise is generally described as unwanted sound. Unwanted sound can be based on objective
effects (such as hearing loss or damage to structures) or subjective judgments (community
annoyance). Noise analysis thus requires a combination of physical measurement of sound,
physical and physiological effects, plus psycho- and socio-acoustic effects.

Section 1 of this appendix describes how sound is measured and summarizes noise impact in
terms of community acceptability and land use compatibility. Section 2 gives detailed
descriptions of the effects of noise that lead to the impact guidelines presented in section 1.
Section 3 provides a description of the specific methods used to predict aircraft noise.

1.0 NOISE DESCRIPTORS AND IMPACT

Aircraft operating in Military Operations Areas (MOAs) and along Military Training Routes
(MTRs) generate “subsonic” noise, which is continuous sound generated by the aircraft’s
engines and also by air flowing over the aircraft itself.

Section 1.1 describes the characteristics which are used to describe sound. Section 1.2 describes
the specific noise metrics used for noise impact analysis. Section 1.3 describes how
environmental impact and land use compatibility are judged in terms of these quantities.

1.1 Quantifying Sound

Measurement and perception of sound involve two basic physical characteristics: amplitude
and frequency. Amplitude is a measure of the strength of the sound and is directly measured in
terms of the pressure of a sound wave. Because sound pressure varies in time, various types of
pressure averages are usually used. Frequency, commonly perceived as pitch, is the number of
times per second the sound causes air molecules to oscillate. Frequency is measured in units of
cycles per second, or hertz (Hz).

Amplitude. The loudest sounds the human ear can comfortably hear have acoustic energy one
trillion times the acoustic energy of sounds the ear can barely detect. Because of this vast range,
attempts to represent sound amplitude by pressure are generally unwieldy. Sound is, therefore,
usually represented on a logarithmic scale with a unit called the decibel (dB). Sound on the
decibel scale is referred to as a sound level. The threshold of human hearing is approximately 0
dB, and the threshold of discomfort or pain is around 120 dB.

Because of the logarithmic nature of the decibel scale, sounds levels do not add and subtract
directly and are somewhat cumbersome to handle mathematically. However, some simple
rules of thumb are useful in dealing with sound levels. First, if a sound’s intensity is doubled,
the sound level increases by approximately 3 dB, regardless of the initial sound level. Thus, for
example:
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60dB + 60 dB
80dB + 80dB

63 dB, and
83 dB.

The total sound level produced by two sounds of different levels is usually only slightly more
than the higher of the two. For example:

60.0dB + 70.0dB = 70.4 dB.

Because the addition of sound levels behaves differently than that of ordinary numbers, such
addition is often referred to as “decibel addition” or “energy addition.” The latter term arises
from the fact that combination of decibel values consists of first converting each decibel value to
its corresponding acoustic energy, then adding the energies using the normal rules of addition,
and finally converting the total energy back to its decibel equivalent.

The difference in dB between two sounds represents the ratio of the amplitudes of those two
sounds. Because human senses tend to be proportional (i.e., detect whether one sound is twice
as big as another) rather than absolute (i.e., detect whether one sound is a given number of
pressure units bigger than another), the decibel scale correlates well with human response.

Under laboratory conditions, differences in sound level of 1 dB can be detected by the human
ear. In the community, the smallest change in average noise level that can be detected is about 3
dB. A change in sound level of about 10 dB is usually perceived by the average person as a
doubling (or halving) of the sound’s loudness, and this relation holds true for loud sounds and
for quieter sounds. A decrease in sound level of 10 dB actually represents a 90 percent decrease
in sound intensity but only a 50 percent decrease in perceived loudness because of the nonlinear
response of the human ear (similar to most human senses).

Frequency. The normal human ear can hear frequencies from about 20 Hz to about 20,000 Hz.

It is most sensitive to sounds in the 1,000 to 4,000 Hz range. When measuring community
response to noise, it is common to adjust the frequency content of the measured sound to
correspond to the frequency sensitivity of the human ear. This adjustment is called
A-weighting (ANSI 1988). Sound levels that have been so adjusted are referred to as
A-weighted sound levels. The amplitude of A-weighted sound levels is measured in dB. Itis
common for some noise analysts to denote the unit of A-weighted sounds by dBA. As long as
the use of A-weighting is understood, there is no difference between dB or dBA: it is only
important that the use of A-weighting be made clear. In this study, sound levels are reported in
dB and are A-weighted.

Time Averaging. Sound pressure of a continuous sound varies greatly with time, so it is
customary to deal with sound levels that represent averages over time. Levels presented as
instantaneous (i.e., as might be read from the dial of a sound level meter) are based on averages
of sound energy over either 1/8 second (fast) or 1 second (slow). The formal definitions of fast
and slow levels are somewhat complex, with details that are important to the makers and users
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of instrumentation. They may, however, be thought of as levels corresponding to the
root-mean-square sound pressure measured over the 1/8-second or 1-second periods.

The most common uses of the fast or slow sound level in environmental analysis is in the
discussion of the maximum sound level that occurs from the action, and in discussions of
typical sound levels. Figure G-1 is a chart of A-weighted sound levels from typical sounds.
Some (air conditioner, vacuum cleaner) are continuous sounds whose levels are constant for
some time. Some (automobile, heavy truck) are the maximum sound during a vehicle passby.
Some (urban daytime, urban nighttime) are averages over some extended period. A variety of
noise metrics have been developed to describe noise over different time periods. These are
described in section 1.2.

1.2 Noise Metrics
MAXIMUM SOUND LEVEL

The highest A-weighted sound level measured during a single event in which the sound level
changes value as time goes on (e.g., an aircraft overflight) is called the maximum A-weighted
sound level or maximum sound level, for short. It is usually abbreviated by ALM, Lmax, Or Lamax.
The maximum sound level is important in judging the interference caused by a noise event with
conversation, TV or radio listening, sleeping, or other common activities.

SOUND EXPOSURE LEVEL

Individual time-varying noise events have two main characteristics: a sound level that changes
throughout the event and a period of time during which the event is heard. Although the
maximum sound level, described above, provides some measure of the intrusiveness of the
event, it alone does not completely describe the total event. The period of time during which
the sound is heard is also significant. The Sound Exposure Level (abbreviated SEL or Lag for
A-weighted sounds) combines both of these characteristics into a single metric.

SEL is a composite metric that represents both the intensity of a sound and its duration.
Mathematically, the mean square sound pressure is computed over the duration of the event,
then multiplied by the duration in seconds, and the resultant product is turned into a sound
level. It does not directly represent the sound level heard at any given time, but rather provides
a measure of the net impact of the entire acoustic event. It has been well established in the
scientific community that SEL measures this impact much more reliably than just the maximum
sound level.

Because the SEL and the maximum sound level are both used to describe single events, there is
sometimes confusion between the two, so the specific metric used should be clearly stated.
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COMMON SOUND LEVEL
SOUNDS dB

-— 130 t
Oxygen Torch -+~ 120 UNCOMFORTABLE —— 32 Times as Loud
Discotheque -— 110 +
Textile Mill - 100 VERY LOUD
Heavy Truck at 50 Feet - 90
Garbage Disposal -+ 80 T
MODERATE
Vacuum Cleaner at 10 Feet —+ 70
Automobile at 100 Feet
Air Conditioner at 100 Feet -+ 60
Quiet Urban Daytime - 50 T
QUIET
Quiet Urban Nighttime -+ 40 l
Bedroom at Night - 30
-— 20
Recording Studio
-+ 10 JUST AUDIBLE

Threshold of Hearing — 0

Source: Harris 1979 and FICON 1992.

LOUDNESS
- Compared to 70 dB -

—‘— 16 Times as Loud

—‘:— 4 Times as Loud

\J
—— 1/4 as Loud

_V 1/16 as Loud

Figure G-1. Typical A-Weighted Sound Levels of Common Sounds
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EQUIVALENT SOUND LEVEL

For longer periods of time, total sound is represented by the equivalent continuous sound
pressure level (Leg). Leq is the average sound level over some time period (often an hour or a
day, but any explicit time span can be specified), with the averaging being done on the same
energy basis as used for SEL. SEL and L., are closely related, differing by (a) whether they are
applied over a specific time period or over an event, and (b) whether the duration of the event is
included or divided out.

Just as SEL has proven to be a good measure of the noise impact of a single event, L.q has been
established to be a good measure of the impact of a series of events during a given time period.
Also, while Leq is defined as an average, it is effectively a sum over that time period and is, thus,
a measure of the cumulative impact of noise.

DAY-NIGHT AVERAGE SOUND LEVEL

Noise tends to be more intrusive at night than during the day. This effect is accounted for by
applying a 10-dB penalty to events that occur after 10 pm and before 7 am. If L4 is computed
over a 24-hour period with this nighttime penalty applied, the result is the day-night average
sound level (DNL or Li,). DNL is the community noise metric recommended by the USEPA
(USEPA 1974) and has been adopted by most federal agencies (FICON 1992). It has been well
established that DNL correlates well with community response to noise (Schultz 1978; Finegold
et al. 1994). This correlation is presented in Section 1.3 of this appendix.

While DNL carries the nomenclature “average,” it incorporates all of the noise at a given
location. For this reason, DNL is often referred to as a “cumulative” metric. It accounts for the
total, or cumulative, noise impact.

ONSET RATE-ADJUSTED MONTHLY DAY-NIGHT AVERAGE SOUND LEVEL

Aircraft operations in military airspace, such as MOAs and MTRs, generate a noise environment
somewhat different from other community noise environments. Overflights are sporadic,
occurring at random times and varying from day to day and week to week. This situation
differs from most community noise environments, in which noise tends to be continuous or
patterned. Individual military overflight events also differ from typical community noise
events in that noise from a low-altitude, high-airspeed flyover can have a rather sudden onset.

To represent these differences, the conventional DNL metric is adjusted to account for the
“surprise” effect of the sudden onset of aircraft noise events on humans (Plotkin et al. 1987;
Stusnick et al. 1992; Stusnick et al. 1993). For aircraft exhibiting a rate of increase in sound level
(called onset rate) of from 15 to 150 dB per second, an adjustment or penalty ranging from 0 to
11 dB is added to the normal SEL. Onset rates above 150 dB per second require an 11 dB
penalty, while onset rates below 15 dB per second require no adjustment. The DNL is then
determined in the same manner as for conventional aircraft noise events and is designated as
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Onset-Rate Adjusted Day-Night Average Sound Level (abbreviated DNLmr). Because of the
irregular occurrences of aircraft operations, the number of average daily operations is
determined by using the calendar month with the highest number of operations. The monthly
average is denoted DNLmr. Noise levels are calculated the same way for both DNL and
DNLmr. DNLmr is interpreted by the same criteria as used for DNL.

1.3 Noise Impact
COMMUNITY REACTION

Studies of community annoyance to numerous types of environmental noise show that DNL
correlates well with impact. Schultz (1978) showed a consistent relationship between DNL and
annoyance. Shultz’s original curve fit (Figure G-2) shows that there is a remarkable consistency
in results of attitudinal surveys which relate the percentages of groups of people who express
various degrees of annoyance when exposed to different DNLs.
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Figure G-2. Community Surveys of Noise Annoyance
(Source: Schultz 1978)
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A more recent study has reaffirmed this relationship (Fidell et al. 1991). Figure G-3 shows an
updated form of the curve fit (Finegold ef al. 1994) in comparison with the original. The
updated fit, which does not differ substantially from the original, is the current preferred form.
In general, correlation coefficients of 0.85 to 0.95 are found between the percentages of groups of
people highly annoyed and the level of average noise exposure. The correlation coefficients for
the annoyance of individuals are relatively low, however, on the order of 0.5 or less. This is not
surprising, considering the varying personal factors that influence the manner in which
individuals react to noise. Nevertheless, findings substantiate that community annoyance to

aircraft noise is represented quite reliably using DNL.
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Figure G-3. Response of Communities to Noise; Comparison of Original (Schultz
1978) and Current (Finegold et al. 1994) Curve Fits.

As noted earlier for SEL, DNL does not represent the sound level heard at any particular time,
but rather represents the total sound exposure. DNL accounts for the sound level of individual
noise events, the duration of those events, and the number of events. Its use is endorsed by the
scientific community (ANSI 1980; ANSI 1988; USEPA 1974; FICUN 1980; FICON 1992).
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While DNL is the best metric for quantitatively assessing cumulative noise impact, it does not
lend itself to intuitive interpretation by non-experts. Accordingly, it is common for
environmental noise analyses to include other metrics for illustrative purposes. A general
indication of the noise environment can be presented by noting the maximum sound levels
which can occur and the number of times per day noise events will be loud enough to be heard.
Use of other metrics as supplements to DNL has been endorsed by federal agencies (FICON
1992).

The Schultz curve is generally applied to annual average DNL. In Section 1.2, DNLmr was
described and presented as being appropriate for quantifying noise in military airspace. In the
current study, the Schultz curve is used with DNLmr as the noise metric. DNLmr is always
equal to or greater than DNL, so impact is generally higher than would have been predicted if
the onset rate and busiest-month adjustments were not accounted for.

There are several points of interest in the noise-annoyance relation. The first is DNL of 65 dB.
This is a level most commonly used for noise planning purposes and represents a compromise
between community impact and the need for activities like aviation which do cause noise.
Areas exposed to DNL above 65 dB are generally not considered suitable for residential use.
The second is DNL of 55 dB, which was identified by USEPA as a level "...requisite to protect
the public health and welfare with an adequate margin of safety," (USEPA 1974) which is
essentially a level below which adverse impact is not expected. The third is DNL of 75 dB. This
is the lowest level at which adverse health effects could be credible (USEPA 1974). The very
high annoyance levels correlated with DNL of 75 dB make such areas unsuitable for residential
land use.

Table G-1 shows the relation between annoyance and DNL, based on the Finegold study.

Table G-1. Relation Between
Annoyance and DNL
% Highly Annoyed DNL
2 50
3 55
7 60
12 65
22 70
36 75
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LAND UsSe COMPATIBILITY

As noted above, the inherent variability between individuals makes it impossible to predict
accurately how any individual will react to a given noise event. Nevertheless, when a
community is considered as a whole, its overall reaction to noise can be represented with a high
degree of confidence. As described above, the best noise exposure metric for this correlation is
the DNL or DNLmr for military overflights.

In June 1980, an ad hoc Federal Interagency Committee on Urban Noise (FICUN) published
guidelines (FICUN 1980) relating DNL to compatible land uses. This committee was composed
of representatives from DoD, Transportation, and Housing and Urban Development; USEPA;
and the Veterans Administration. Since the issuance of these guidelines, federal agencies have
generally adopted these guidelines for their noise analyses.

Following the lead of the committee, DoD and FAA adopted the concept of land-use
compatibility as the accepted measure of aircraft noise effect. The FAA included the
committee’s guidelines in the Federal Aviation Regulations (USDOT 1984). These guidelines
are reprinted in Table G-2, along with the explanatory notes included in the regulation.
Although these guidelines are not mandatory (note the footnote “*” in the table), they provide
the best means for determining noise impact in airport communities. In general, residential
land uses normally are not compatible with outdoor DNL values above 65 dB, and the extent of
land areas and populations exposed to DNL of 65 dB and higher provides the best means for
assessing the noise impacts of alternative aircraft actions. In some cases, where noise change
exceeds 3 dB, the 1992 FICON indicates the 60 dB DNL may be a more appropriate
incompatibility level for densely populated areas.
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Table G-2. Land-Use Compatibility With Yearly Day-Night
Average Sound Levels

Yearly Day-Night Average Sound Level (DNL) in Decibels
Land Use Below 65 65-70 70-75 75-80 80-85 Over 85
Residential

Residential, other than mobile homes and

transient 10dgings .......cccovvvvevieririrseeieinns Y N(1) N(2) N N N
Mobile home parks Y N N N N N
Transient lodgings Y N(1) N(1) N(1) N N
Public Use
SChOOIS ... Y N(1) N(1) N N N
Hospitals and nursing homes .........cccoeeeivrvrernnns Y 25 30 N N N
Churches, auditoria, and concert halls Y 25 30 N N N
Government SErvices.........coveeueens Y Y 25 30 N N
Transportation ....... Y Y Y(2) Y(3) Y(4) Y(4)
Parking Y Y Y(2) Y(3) Y(4) N
Commercial Use
Offices, business and professional Y Y 25 30 N N
Wholesale and retail—building materials,

hardware, and farm equipment..................... Y Y Y(2) Y(3) Y(4) N
Retail trade—general... Y Y 25 30 N N
Utilities Y Y Y(2) Y(3) Y(4) N
COMMUNICALION ...t Y Y 25 30 N N
Manufacturing and Production
Manufacturing, general .........c.ccocoevivrirnreinininnnns Y Y Y(2) Y(3) Y(@4) N
Photographic and optical..............c...c..... Y Y 25 30 N N
Agriculture (except livestock) and forestry . . Y Y(6) Y(7) Y(8) Y(8) Y(8)
Livestock farming and breeding............ccccovrvrvrnnnne Y Y(6) Y(7) N N N
Mining and fishing, resource production and

EXETACION ..o e Y Y Y Y Y Y
Recreational
Outdoor sports arenas and spectator sports........... Y Y(5) Y(5) N N N
Outdoor music shells, amphitheaters..................... Y N N N N N
Nature exhibits and z00S ..........ccccceveenrninienininnns Y Y N N N N
Amusements, parks, resorts, and camps ............... Y Y Y N N N
Golf courses, riding stables, and water

FECTEALION ...t Y Y 25 30 N N

Numbers in parentheses refer to notes.

* The designations contained in this table do not constitute a federal determination that any use of land covered by the program is acceptable or unacceptable
under federal, state, or local law. The responsibility for determining the acceptable and permissible land uses and the relationship between specific properties and
specific noise contours rests with the local authorities. FAA determinations under Part 150 are not intended to substitute federally determined land uses for those
determined to be appropriate by local authorities in response to locally determined needs and values in achieving noise-compatible land uses.

KEY TO TABLE G-2

Y (YES) = Land Use and related structures compatible without restrictions.

N (No) = Land Use and related structures are not compatible and should be prohibited.

NLR = Noise Level Reduction (outdoor to indoor) to be achieved through incorporation of noise attenuation into the design and construction of the structure.

25, 30, or 35 = Land Use and related structures generally compatible; measures to achieve NLR of 25, 30, or 35 dB must be incorporated into design and
construction of structures.

NOTES FOR TABLE G-2

(1) Where the community determines that residential or school uses must be allowed, measures to achieve outdoor-to-indoor Noise Level Reduction (NLR) of at least
25 dB and 30 dB should be incorporated into building codes and be considered in individual approvals. Normal residential construction can be expected to
provide an NLR of 20 dB; thus the reduction requirements are often stated as 5, 10, or 15 dB over standard construction and normally assume mechanical
ventilation and closed windows year-round. However, the use of NLR criteria will not eliminate outdoor noise problems.

(2) Measures to achieve NLR 25 dB must be incorporated into the design and construction of portions of these buildings where the public is received, office areas,
noise-sensitive areas, or where the normal noise level is low.

(3) Measures to achieve NLR 30 dB must be incorporated into the design and construction of portions of these buildings where the public is received, office areas,
noise-sensitive areas, or where the normal noise level is low.

(4) Measures to achieve NLR 35 dB must be incorporated into the design and construction of portions of these buildings where the public is received, office areas,
noise-sensitive areas, or where the normal noise level is low.

(5) Land-use compatible provided special sound reinforcement systems are installed.

(6) Residential buildings require an NLR of 25.

(7) Residential buildings require an NLR of 30.

(8) Residential buildings not permitted.
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2.0 NOISE EFFECTS

The discussion in Section 1.3 presents the global effect of noise on communities. The following
sections describe particular noise effects.

2.1 Hearing Loss

Noise-induced hearing loss is probably the best defined of the potential effects of human
exposure to excessive noise. Federal workplace standards for protection from hearing loss
allow a time-average level of 90 dB over an 8-hour work period, or 85 dB averaged over a
16-hour period. Even the most protective criterion (no measurable hearing loss for the most
sensitive portion of the population at the ear’s most sensitive frequency, 4,000 Hz, after a
40-year exposure) suggests a time-average sound level of 70 dB over a 24-hour period (USEPA
1974). Since it is unlikely that airport neighbors will remain outside their homes 24 hours per
day for extended periods of time, there is little possibility of hearing loss below a DNL of 75 dB,
and this level is extremely conservative.

2.2 Nonauditory Health Effects

Nonauditory health effects of long-term noise exposure, where noise may act as a risk factor,
have not been found to occur at levels below those protective against noise-induced hearing
loss, described above. Most studies attempting to clarify such health effects have found that
noise exposure levels established for hearing protection will also protect against any potential
nonauditory health effects, at least in workplace conditions. The best scientific summary of
these findings is contained in the lead paper at the National Institutes of Health Conference on
Noise and Hearing Loss, held on January 22-24, 1990, in Washington, D.C., which states “The
nonauditory effects of chronic noise exposure, when noise is suspected to act as one of the risk
factors in the development of hypertension, cardiovascular disease, and other nervous
disorders, have never been proven to occur as chronic manifestations at levels below these
criteria (an average of 75 dBA for complete protection against hearing loss for an eight-hour
day)” (von Gierke 1990; parenthetical wording added for clarification). At the International
Congress (1988) on Noise as a Public Health Problem, most studies attempting to clarify such
health effects did not find them at levels below the criteria protective of noise-induced hearing
loss; and even above these criteria, results regarding such health effects were ambiguous.

Consequently, it can be concluded that establishing and enforcing exposure levels protecting
against noise-induced hearing loss would not only solve the noise-induced hearing loss
problem but also any potential nonauditory health effects in the work place.

Although these findings were directed specifically at noise effects in the work place, they are
equally applicable to aircraft noise effects in the community environment. Research studies
regarding the nonauditory health effects of aircraft noise are ambiguous, at best, and often
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contradictory. Yet, even those studies which purport to find such health effects use
time-average noise levels of 75 dB and higher for their research.

For example, in an often-quoted paper, two University of California at Los Angeles (UCLA)
researchers found a relation between aircraft noise levels under the approach path to Los
Angeles International Airport (LAX) and increased mortality rates among the exposed residents
by using an average noise exposure level greater than 75 dB for the “noise-exposed” population
(Meecham and Shaw 1979). Nevertheless, three other UCLA professors analyzed those same
data and found no relation between noise exposure and mortality rates (Frerichs et al. 1980).

As a second example, two other UCLA researchers used this same population near LAX to
show a higher rate of birth defects during the period of 1970 to 1972 when compared with a
control group residing away from the airport (Jones and Tauscher 1978). Based on this report, a
separate group at the United States Centers for Disease Control performed a more thorough
study of populations near Atlanta’s Hartsfield International Airport for 1970 to 1972 and found
no relation in their study of 17 identified categories of birth defects to aircraft noise levels above
65 dB (Edmonds 1979).

A recent review of health effects, prepared by a Committee of the Health Council of The
Netherlands (CHCN 1996), analyzed currently available published information on this topic.
The committee concluded that the threshold for possible long-term health effects was a 16-hour
(6:00 am to 10:00 pm) Leq of 70 dB. Projecting this to 24 hours and applying the 10 dB nighttime
penalty used with DNL, this corresponds to DNL of about 75 dB. The study also affirmed the
risk threshold for hearing loss, as discussed earlier.

In summary, there is no scientific basis for a claim that potential health effects exist for aircraft
time-average sound levels below 75 dB.

2.3 Annoyance

The primary effect of aircraft noise on exposed communities is one of annoyance. Noise
annoyance is defined by the USEPA as any negative subjective reaction on the part of an
individual or group (USEPA 1974). As noted in the discussion of DNL above, community
annoyance is best measured by that metric.

Because the USEPA Levels Document (USEPA 1974) identified DNL of 55 dB as “. . . requisite to
protect public health and welfare with an adequate margin of safety,” it is commonly assumed
that 55 dB should be adopted as a criterion for community noise analysis. However, financial
and technical resources are generally not available to achieve that goal. Most agencies have
identified DNL of 65 dB as a criterion which protects those most impacted by noise, and which
can often be achieved on a practical basis (FICON 1992). This corresponds to about 12 percent
of the exposed population being highly annoyed.
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Although DNL of 65 dB is widely used as a benchmark for significant noise impact, and is often
an acceptable compromise, it is not a statutory limit, and it is appropriate to consider other
thresholds in particular cases.

In this Draft EIS, no specific threshold is used. The noise in the affected environment is
evaluated on the basis of the information presented in this appendix and in the body of the
Draft EIS.

2.4 Speech Interference

Speech interference associated with aircraft noise is a primary cause of annoyance to
individuals on the ground. The disruption of routine activities in the home, such as radio or
television listening, telephone use, or family conversation, gives rise to frustration and
irritation. The quality of speech communication is also important in classrooms, offices, and
industrial settings and can cause fatigue and vocal strain in those who attempt to communicate
over the noise. Research has shown that the use of the SEL metric will measure speech
interference successfully, and that a SEL exceeding 65 dB will begin to interfere with speech
communication.

2.5 Sleep Interference

Sleep interference is another source of annoyance associated with aircraft noise. This is
especially true because of the intermittent nature and content of aircraft noise, which is more
disturbing than continuous noise of equal energy and neutral meaning.

Sleep interference may be measured in either of two ways. “Arousal” represents actual
awakening from sleep, while a change in “sleep stage” represents a shift from one of four sleep
stages to another stage of lighter sleep without actual awakening. In general, arousal requires a
somewhat higher noise level than does a change in sleep stage.

An analysis sponsored by the Air Force summarized 21 published studies concerning the effects
of noise on sleep (Pearsons et al. 1989). The analysis concluded that a lack of reliable in-home
studies, combined with large differences among the results from the various laboratory studies,
did not permit development of an acceptably accurate assessment procedure. The noise events
used in the laboratory studies and in contrived in-home studies were presented at much higher
rates of occurrence than would normally be experienced. None of the laboratory studies were
of sufficiently long duration to determine any effects of habituation, such as that which would
occur under normal community conditions. A recent extensive study of sleep interference in
people’s own homes (Ollerhead 1992) showed very little disturbance from aircraft noise.

There is some controversy associated with the recent studies, so a conservative approach should
be taken in judging sleep interference. Based on older data, the USEPA identified an indoor
DNL of 45 dB as necessary to protect against sleep interference (USEPA 1974). Assuming a very
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conservative structural noise insulation of 20 dB for typical dwelling units, this corresponds to
an outdoor DNL of 65 dB as minimizing sleep interference.

A 1984 publication reviewed the probability of arousal or behavioral awakening in terms of SEL
(Kryter 1984). Figure G-4, extracted from Figure 10.37 of Kryter (1984), indicates that an indoor
SEL of 65 dB or lower should awaken less than 5 percent of those exposed. These results do not
include any habituation over time by sleeping subjects. Nevertheless, this provides a
reasonable guideline for assessing sleep interference and corresponds to similar guidance for
speech interference, as noted above.

2.6 Noise Effects on Domestic Animals and Wildlife

Animal species differ greatly in their responses to noise. Each species has adapted, physically
and behaviorally, to fill its ecological role in nature, and its hearing ability usually reflects that
role. Animals rely on their hearing to avoid predators, obtain food, and communicate with and
attract other members of their species. Aircraft noise may mask or interfere with these
functions. Secondary effects may include nonauditory effects similar to those exhibited by
humans: stress, hypertension, and other nervous disorders. Tertiary effects may include
interference with mating and resultant population declines.

2.7 Noise Effects on Structures

Normally, the most sensitive components of a structure to airborne noise are the windows and,
infrequently, the plastered walls and ceilings. An evaluation of the peak sound pressures
impinging on the structure is normally sufficient to determine the possibility of damage. In
general, at sound levels above 130 dB, there is the possibility of the excitation of structural
component resonance. While certain frequencies (such as 30 Hz for window breakage) may be
of more concern than other frequencies, conservatively, only sounds lasting more than one
second above a sound level of 130 dB are potentially damaging to structural components
(NRC/NAS 1977).

A study directed specifically at low-altitude, high-speed aircraft showed that there is little
probability of structural damage from such operations (Sutherland 1989). One finding in that
study is that sound levels at damaging frequencies (e.g., 30 Hz for window breakage or 15 to 25
Hz for whole-house response) are rarely above 130 dB.

G-14 Appendix G Aircraft Noise Analysis



100

90
2 80
g IN LAB
-
gg 0 r=0.50
@ﬁ o e /
¥4 60 i
%g oo / IN
gg 50 . A HOME -
22 40 0 A -2 13
1 iy
ez O #*
25 30 re -~ 1A
=0 a -~ a
3 0
3 A~ 5
« u|
.
u]
0

99
Sound Exposure Level (dBA)

LEGEND

Laboratory Studies, Variety of Noises, Lukas

Steady State (In Home)

Transient (In Home)

Truck Noise, Laboratory Study, Thiesen

Transformer, Transmission Line, Window Air Conditioner, and Distant Traffic Noise, Horonjeff

g

Figure G-4. Probability of Arousal or Behavioral Awakening in Terms of Sound
Exposure Level

Appendix G Aircraft Noise Analysis G-15



Noise-induced structural vibration may also cause annoyance to dwelling occupants because of
induced secondary vibrations, or “rattle,” of objects within the dwelling, such as hanging
pictures, dishes, plaques, and bric-a-brac. Window panes may also vibrate noticeably when
exposed to high levels of airborne noise, causing homeowners to fear breakage. In general, such
noise-induced vibrations occur at sound levels above those considered normally incompatible
with residential land use. Thus assessments of noise exposure levels for compatible land use
should also be protective of noise-induced secondary vibrations.

2.8 Noise Effects on Terrain

Members of the public often believe that noise from low-flying aircraft can cause avalanches or
landslides by disturbing fragile soil or snow structures in mountainous areas. There are no
known instances of such effects, and it is considered improbable that such effects will result
from routine, subsonic aircraft operations.

2.9 Noise Effects on Historical and Archaeological Sites

Because of the potential for increased fragility of structural components of historical buildings
and other historical sites, aircraft noise may affect such sites more severely than newer, modern
structures. Again, there are few scientific studies of such effects to provide guidance for their
assessment.

One study involved the measurements of sound levels and structural vibration levels in a
superbly restored plantation house, originally built in 1795, and now situated approximately
1,500 feet from the centerline at the departure end of Runway 19L at Washington Dulles
International Airport. These measurements were made in connection with the proposed
scheduled operation of the supersonic Concorde airplane at Dulles (Wesler 1977). There was
special concern for the building’s windows, since roughly half of the 324 panes were original.
No instances of structural damage were found. Interestingly, despite the high levels of noise
during Concorde takeoffs, the induced structural vibration levels were actually less than those
induced by touring groups and vacuum cleaning within the building itself.

As noted above for the noise effects of noise-induced vibrations on normal structures,
assessments of noise exposure levels for normally compatible land uses should also be
protective of historic and archaeological sites.

3.0 NOISE MODELING

An aircraft in subsonic flight generally emits noise from two sources: the engines and flow
noise around the airframe. Noise generation mechanisms are complex and, in practical models,
the noise sources must be based on measured data. The Air Force has developed a series of
computer models and aircraft noise databases for this purpose. The models include
NOISEMAP (Moulton 1992) for noise around airbases, ROUTEMAP (Lucas and Plotkin 1988)
for noise associated with low-level training routes, and MR_NMAP (Lucas and Calamia 1996)
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for use in MOAs and ranges. These models use the NOISEFILE database developed by the Air
Force. NOISEFILE data includes SEL and Lamax as a function of speed and power setting for
aircraft in straight flight.

Noise from an individual aircraft is a time-varying continuous sound. It is first audible as the
aircraft approaches, increases to a maximum when the aircraft is near its closest point, then
diminishes as it departs. The noise depends on the speed and power setting of the aircraft and
its trajectory. The models noted above divide the trajectory into segments whose noise can be
computed from the data in NOISEFILE. The contributions from these segments are summed.

MR_NMAP was used to compute noise levels in the airspace. The primary noise metric
computed by MR_NMAP was DNLmr averaged over each airspace. Supporting routines from
NOISEMAP were used to calculate SEL and Lamax for various flight altitudes and lateral offsets
from a ground receiver position.
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